Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



BEST AVAILABLE COPY 



0 Publication number: 



0 351 584 

A1 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 89111469.6 
© Date of filing: 23.06.89 



© int.ci.<:B01D 69/08 , B01D 71/36 , 
D01D 5/24 



© Priority: 24.06.88 JP 157660/88 

© Date of publication of application: 
24.01.90 Bulletin 90/04 

© Designated Contracting States: 
DE FR GB 



© Applicant DAI KIN INDUSTRIES, LIMITED 
Umeda Center Building 4-12, Nakazakl-nishl 
2-chome Kita-ku 
Osaka-shl Osaka-fu(JP) 

@ Inventon Ishlwarl, Kazuo 
12-407, Hozumidal 
Ibaraki-shl Osaka-fu(JP) 
Inventor: Sakakura, Atsushl 
148-23, ManJoJIki-cho OhkamedanI Fukakusa 
Fushiml-ku Kyoto-shl Kyoto-fu(JP) 

© Representative: Hansen, Bernd, Dr.rer.nat et 
al 

Hoffmann, Eitie & Partner Patentanwaite 
Arabellastrasse 4 Postfach 81 04 20 
D-8000 MUnchen 81 (DE) 



© Porous polytetrafluoroethyiene hollow yarn and preparation thereof. 



© A novel porous polytetrafluoroethyiene hollow- yarn having a thin wall thickness and large porosity is 
obtainable by heating an unentered hollow yam, which is produced by paste extruding polytetrafluoroethyiene 
powder, at a temperature lower than the melting point of said polytetrafluoroethyiene powder and higher than the 
melting point of the hollow yarn at which an endothermic peak on a higher temperature side In a crystalline 
melting thermograph measured with a differential scanning calorimeter does not disappear and a specific gravity 
of the hollow yarn is increased to 2.0 or larger and drawing the heated yam at a temperature lower than the 
polytetrafluoroethyiene powder. 
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POROUS POLYTETRAFLUOROETHYLENE HOLLOW YARN AND PREPARATION THEREOF 



BACKGROUND OF THE INVENTION 



Field of the invention 

5 

The present invention relates to a porous polytetrafluoroethylene (hereinafter referred to as "PTFE") 
hollow yarn and a process for producing the same. 

10 Description of the Related Art 

Porous PTF£4iQl{QJUcaiJ3S-are used as fiiterjjndjupports for separation msmhran^ fry Htit'Wnq h9at 
resistance, chemical resistance and water- and oil- repeilency of PTFE. Hitherto, various processes for 
producing the porous PTFE hollow yarns have been proposed. However, the conventional processes 
75 provides only hollow cylindrical members haying a thici< walLwhjch are pot yarns but rather tubes. 

For example. Japanese Patent Publication No. 18991/1976 discloses a process for producing a porous 
PTFE hollow cylindrical member which comprises drying a PTFE paste extruded hollow cylindrical member 
to remove a liquid lubricant and drawing Uib member at a temperature lower than the melting point of 
PTFE. This publication proposes the use of modified PTFE having good paste extrudability. However, since 
20 the modified PTFE has poor drawability, the extruded material should be drawn at a high rate at high 
temperature. Further, the produced hollow cylindrical mem ber tends to be clogged, and has a larger inner 
diameter and a large wall thickness. 

Japanese Patent Publication No. 42794/1978 discloses a process for producing a porous PTFE hollow 
cylindrical member which comprises heating a sintered PTFE paste extruded member at a temperature not 
25 lower than 327* C and drawing the member to obtain a tube. In this process, the sintered member should 
be* annealed, and the produced tube has a small porosity and a large wall thickness such as 0.6 mm. 

As explained above, since the conventional porous PFTE hollow yarns or tubes have various 
drawbacks, they cannot be practically used as filters. 

30 

SUMMARY OF THE THE INVENTION 

One object of the present invention is to provide a novel porous PFTE hollow yarn having a thin wall, a 
small inner diameter and a large gas permeability, which yarn can be used as a filter. 
35 Another object of the present invention is to provide a process for producing said novel porous PTFE 
hollow yam. 

According to the present invention, there is provided a porous PTFE hollow yarn which Is obtainable by 
heating an unslntered hollow yarn, which is produced by paste extruding PTFE powder, at a temperature 
lower than the melting point of said PFTE powder and higher than the melting point of the hollow yam at 
4o which, an endothermic peak on a higher temperature side in a crystalline melting thermograph measured 
with a differential scanning calorimeter does not disappear and a specific gravity of the hollow yarn is 
increased to 2.0 or larger and drawing the heated yam at a temperature lower than the PTFE powder. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a hollow yarn, 

Fig. 2 is the DSC chart of the PTFE powder used in Example 1, 

Fig. 3 is the DSC chart of the hollow fiber obtained by heating the unsintered yarn at 335" C for10 
50 minutes, and 

Fig. 4 is the OSC chart of the PTFE powder of Fig. 2 after heating at 360* C for 30 minutes. 
DETAILED DESCRIPTION OF THE DRAWINGS 

In the present patent the porous PTFE hollow yarn is intended to mean a yarn a wall of which is made 
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of porous PTFE an d has a thickness of 0.2 mm o r less. The hollow yarn means a yarn having a bore along 
the axis of the yarn as shown in Rg. 1. 

PTFE powder Includes not only powder of polytetra/luoroethylerte but also modified PTFE powder of 
copolymers of tetrafluoroethylene with 2 % by weight or less of at least one copolymerizable comonomer 
5 such as hexaffuoropropylene, chforotrifluoroethylene, fluoroalkyl vinyl ether and the like. Among them, the 
modified PTFE powder is preferred since it has good moldability. 

The process for producing the porous PTFE hollow yarn comprises steps of heating the unsintered 
PTFE hollow yarn under a specific temperature condition and drawing the heated PTFE hollow yarn. The 
most important characteristics of the present invention resides in the heating step. 
w The PTFE powder has an endothermic peak around 347* C, usually 347±2* C in the crystalline melting 
thermograph measured with the differential scanning calorimeter (DSC). Herein, the temperature at which 
said endothermic peak appears is defined as the melting point of the PTFE powder. Rg. 2 shows the DSC 
chart of the PTFE powder used in Example 1. 

When the PTFE powder is heated at a temperature higher than the peak temperature in Rg. 2 to mold 
rs the PTFE powder as usual, the endothermic peak at 347* C disappears and a comparatively weak 
endothermic peak newly appears around 327* C. Rg. 4 shows the DSC chart of the PTFE powder of Fig. 2 
after heating at 360* C for 30 minutes. The peak around 327* C is clearly seen. Herein, the temperature at 
which such new endothermic peak appears after heating is defined as the melting point of the hollow yarn. 

Rg. 3 is the DSC chart of the hollow fiber obtained by heating the unsintered yam at 335" C for 10 
20 minutes. In Rg. 3, the sharp peak around 347 *C of Rg. 2 does not disappear. The DSC chart of Rg. 3 is 
obtained by the heating step according to the present invention. The heating step of the present invention 
includes not only a case where the shoulder on a lower temperature side disappears but also a case where 
the shoulder on the lower temperature side shrinks. The change of shoulder shape can be easily found by 
comparing the DSC charts before and after heating. 
25 In the present invention, the unsintered hollow yam is preferably heated in the temperature range of 
from 330 to 340 "C. But, this range is not critical. For example, if the unsintered yam is heated at a 
temperature higher than the melting point of the PTFE powder, a very short heating time can achieve the 
same effect At 360* C, 20 to 30 seconds heating is acceptable but 30 minutes heating is too long in the 
present invention. 

30 The hollow yarn heated under the above conditions according to the present invention may be referred 
to as "sem (sintered " product • : 

Then, the semisirrtered PTFE hollow yam is drawn. Preferably, the drawing temperature is from 25 to 
300* C, the drawing rate is from 1 0 to 1,000 %/sec, a nd the drawing ratio is from 200 to 1,000 % . By 
drawing, the wall of the hollow fibens made porous. 
35 After drawing, the hollow yarn may be annealed to improve the strength, particularly the internal 
pressure strength. In the post heat treatment, a temperature is usually from 300 to 370* C, preferably from 
330 to 350 ' C, and heating time is from 1 to 30 minutes. 

Preferably, the porous PTFE hollow fiber of the present invention has a wall thickness of not larger than 
0.2 mm, tensile strength of 500 kg/cm 2 or larger, porosity of 30 % or larger, the maximum pore size of 1.0 
40 urn or less and gas (nitrogen gas) permeability of I x 10" 5 ml.cm/cm 2 .sec.cmHg or larger. 

As described above, the porous PTFE hollow yarn has a thin wall thickness, a small pore size, large 
porosity, large gas permeability and high strength. Particularly, the gas permeability is large, although the 
pore size is small. In addition, the cross section across the axis is substantially round. 

During the production, the porous PTFE hollow yarn Is hardly clogged because the yarn is thermally set 
45 before drawing. The drawing can be carried out under various conditions, for example a wide temperature 
range from room temperature to high temperature and at a wide drawing rate. Further, extrusion of the 
PTFE powder, heating of the extruded hollow yam, drawing and winding can be continuously carried out. 

50 PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be illustrated by following Examples, in which "parts" and are by weight 
unless otherwise indicated. 

55 

Example 1 

A mixture of modi fied PTFE fine powder consisting of 9975 % of tetrafluoroethylen e and 0.25 % of 
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chlorotrifluo roethylene (F-210„ a trade name of Dailcin industries Lid.) (100 parts) and, as an extrusion aid, a 
hydrocarbon oil (lsoper E manufactured by Esso Oil) (23 parts) was c g|s^e^ln^fid,with an extruder having 
a nozzle diameter ratio of 1,32 mm/1 .085 mrn^ to produce an unslntered PTFE hollow yarn having a wail 
thickness of 0.12j djil> 

Then, the unsintered yarn was semisintered by heating it at 335 C for 10 minutes. 

The semisintered hollow yam was drawn uniaxially along the yam axis at 25* C at a drawing rate of 17 
%/sec. with a drawing ratio of 400 % to obtain a porous PTFE hollow yarn, the sizes and characteristics of 
which are shown In Table 2. 

The characteristics of the hollow yam were determined as follows: 



w 



1. Maximum pore diameter 

According to the procedures of ASTM F361-86, by using methanol, the maximum pore diameter is 
js measured. 



2. Porosity 

20 The porosity is calculated according to the following equation: 

True density - Apparent density 

Porosity (%) = * 100 

True density 

25 



3. Gas permeability 

By using nitrogen gas, the gas permeability is measured under the pressure of 1 kg/cm 2 . 



4. Tensile strength 
as ~ 

By using DCS-500 of Shimadzu Manufacturing, the tensile strength is measured at a chuck distance of 
10 mm and a pulling rate of 100 mm/min. at 25* C. 



40 5. Internal pressure strength 

The interior space of the hollow yarn is pressurized with nitrogen gas and the pressure at which the 
yam is burst is recorded as internal pressure strength. 

The DSC charts of the modified PTFE fine powder and the semisintered PTFE hollow yam are shown in 
<5 Figs. 2 and 3, respectively. The DSC charts are recorded by heating 10 mg of the sample at a heating rate 
of l0*C/rnin. 



Examples 2 and 3 

50 

In the same manner as In Example 1 but drawing the semisintered yam under the conditions in Table 1, 
a porous PTFE hollow yarn was produced. The sizes and characteristics of the obtained hollow yam are 
shown in Table 2. 

65 

Example 4 

In the same manner as In Example 3 but using modified PTFE fine powder consisting of 99.83 % of 
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50 



tetrafluoroethylena, 0.14 % of chlorolrffluoroethylene and 0.03 % of fluoroalkyl vinyl ether (F-203, a trade 
name of Daikin Industries Ltd.). a porous PTFE hollow yam was produced. The sizes and characteristics of 
the hollow yam are shown in Table 2. 



Examples 5 to 8 



w 



In the same manner as in Example 1 but post-heating the drawn PTFE hollow fiber at a post-heating 
temperature shown in Table 1, a porous PTFE hollow yam was produced. The sizes and characteristics of 
the hollow yarn are shown in Table 2. 



Comparative Example 1 

ts The same unsinlered PTFE hollow yam as produced in Example 1 was heated at 360 " C for 10 minutes 
and then drawn at 25* C. However, the yarn was not made opaque, which means that the yarn was not 
made porous. 



20 Comparative Example 2 

The same unentered PTFE hollow yam as produced in Example 1 was tried to be drawn at 25 *C. 
However, the yarn was broken during drawing and no porous PTFE hollow yarn was obtained. 



25 
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Claims 

s i. A porous polytetrafluoroethylene hollow yam which is obtainable by heating an unsintered hollow 
yarn, which is produced by paste extruding polytetrafluoroethylene powder, at a temperature lower than the 
melting point of said polytetrafluoroethytene powder and higher than the melting point of the hollow yarn at 
which an endothermic peak on a higher temperature side in a crystalline melting thermograph measured 
with a differential scanning calorimeter does not disappear and a specific gravity of the hollow yarn is 

10 increased to 2.0 or larger and drawing the heated yarn at a temperature lov/er than the poly- 
tetrafluoroethylene powder. 

2. The porous polytetrafluoroethylene hollow yarn according to claim 1, which has a maximum pore size 
of not larger than 1.0 urn and a gas permeability for nitrogen of not smaller than t x 10" 5 
ml.cm./cm 2 .sec.cmHg. 

rs 3. The porous polytetrafluoroethylene hollow yarn according to claim 1. wherein the poly- 
tetrafluoroethylene powder is modified polytetrafluoroethylene powder of a copolymer of telrafluoroethylene 
with 2 % by weight or less of at least one copolymerizable comonomer selected from the group consisting 
of hexafluoropropylene, chlorotrifluoroethylene and fluoroalkyl vinyl ether, 

4. The porous polytetrafluoroethylene hollow yarn according to claim 1 f which has a wall thickness of 
20 not larger than 0.2 mm. 

5. A process for producing a porous polytetrafluoroethylene hollow yarn which process comprising 
steps of: 

heating an unsintered hollow yarn, which is produced by paste extruding polytetrafluoroethylene powder, at 
a temperature lower than the melting point of said polytetrafluoroethylene powder and higher than the 
25 melting point of the hollow yam at which an endothermic peak on a higher temperature side in a crystalline 
melting thermograph measured with a differential scanning calorimeter does not disappear and a specific 
gravity of the hollow yarn is increased to 2.0 or larger, and 

drawing the heated yam at a temperature lower than the polytetrafluoroethylene powder. 

6. The process according to claim 5, wherein the polytetrafluoroethylene powder is modified poly* 
30 tetrafluoroethylene powder of a copolymer of telrafluoroethylene with 2 % by weight or less of at least one 

copolymerizable comonomer selected from the group consisting of hexafluoropropylene. 
chlorotrifluoroethylene and fluoroalkyl vinyl ether. 

7. The process according to claim 5, wherein the unsintered hollow yarn is heated at a temperature of 
from 330 to 340* C. 

35 8. The process according to claim 5, which further comprises a step for post heating the drawn hollow 
yam. 
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FIG. 3 
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